We have continued our examination of the factors influencing the interaction of enterotoxin B with our cell culture system and have recently tested our methodology in five additional cell culture systems. The purpose of this report is to demonstrate how it is possible to see sensitivity and resistance in one cell line, depending upon the conditions one uses to grow the cultures or challenge the cells.
The cytopathic effect of staphylococcal enterotoxin B upon mammalian cell cultures is expressed fully only if the cultures are grown in human serum-supplemented media. Little cytotoxicity is seen if the cells are grown in horse serum-supplemented media and none is seen if the cells are grown in calf serum-supplemented media. The cytotoxicity of the toxin is reversible at any stage of intoxication. Cytotoxicity is rarely seen before 5 hr and is most often not evident before 8 hr. Cytoxicity is not lethal.
A number of reports have been published in recent years concerning the interaction of staphylococcal enterotoxin B with a variety of cell culture lines and strains. The authors of these reports have been in disagreement as to whether cell culture systems are sensitive or resistant to the cytotoxic properties of enterotoxin B.
One of the earliest reports in which a highly purified toxin preparation was used, that of Guerin et al. (Abstr. Annu. Meeting Tissue Culture Ass., 12th, p. 37, 1961) showed that chick embryonic fibroblasts are sensitive to graded concentrations of enterotoxin. Milone (3) , by using HEp-2, HeLa, and human heart cell cultures, showed that the cytotoxic response of these cells diminished as more highly purified toxin preparations were employed. Further, and more significantly, the cytotoxicity of none of the preparations could be neutralized with specific antitoxin. Grigorova To adapt the cell cultures to grow in media supplemented with human serum or calf serum, two batches of Eagle's basal medium were prepared, one containing 10% fetal calf serum and one containing 10% human serum. Various mixtures of the two were made (9:1, 8:2, 7:3, etc.) as required and the cell cultures were either successively fed or planted with mixtures of the two. Cultures were retained at each successive 455 step in the adaptation process for toxin testing. The same was done for adaptation to growth in horse serum-supplemented media. All media contained 100 units of penicilin and 100 ,ug of streptomycin per ml.
Toxin test procedures. The toxin challenge test procedures were the same as described previously (4) . Test cultures were prepared in screw-capped culture tubes by trypsinizing monolayer stock cultures. The cells were planted at a level of 5.0 X 104 to 6.0 X 104 cells per milliliter and were grown for at least 2 days before toxin challenge. One day before complete monolayer formation, the growth medium was decanted and replaced with fresh medium containing the desired dose of toxin. The cultures were then reincubated for an additional 24 to 48 hr. The degree of cytopathology was quantitated by determining the quantity of cell protein remaining in the culture tubes after incubation in the presence and absence of toxin. The degree of cytopathology was expressed as a percentage of the appropriate control culture. All tests were conducted in triplicate. The ED50 was found to be 51.5 ,g/ml. A dose of 100 ,g/ml was found to be saturating and routinely destroyed 80 to 100% of the culture.
To test the kinetics of attachment of the toxin to the cells, screw-capped test tube cultures of human embryonic intestine and KB were prepared and grown for 48 hr in human serum-supplemented media. The medium was then decanted and 1.0 ml of fresh medium containing 100 ,g of enterotoxin was added to all tubes. The tubes were then reincubated and at hourly intervals, three tubes were removed, the toxincontaining medium was decanted, the cultures were washed twice with balanced salt solution, and 1.0 ml of fresh medium was replaced. The tubes were then reincubated at 37 C for 24 to 48 hr, after which the degree of cytotoxicity was quantitated by protein analysis.
When tests were conducted on cells which had previously sloughed in the presence of toxin, such cells were collected, triturated, washed free from toxin, and replanted in toxin-free media. RESULTS Effect of serum. Table 1 summarizes the results obtained when the various cultures grown in media supplemented with calf serum or human serum were challenged with enterotoxin. Only the L-cell and human foreskin fibroblast cultures remained resistant to the toxin when adapted to growth in human serum-supplemented media. All of the cultures were toxin-resistant when grown in calf serum-supplemented media. The same results were obtained when human serumgrown cultures were switched to calf serum media at the time of toxin challenge.
To determine whether the resistance factor protected the cultures by a coating action, calf serum-grown cultures were washed three times with a balanced salt solution. A 1-ml amount of human serum-supplemented medium was then added and the cultures were immedi- Table 2) .
Kinetics of toxin-cell interaction. To begin mode of action studies in cell culture, it became of interest to determine when, in the course of the toxin-cell interaction, visible cytopathology would be evident. It was also important to determine whether there was a point of irreversible toxin-cell interaction. When the kinetics of attachment of enterotoxin B to human embryonic intestine cells was examined, it was observed initially that there was little or no destruction of the monolayers regardless of the time of contact with the toxin. This apparent anomaly waJ explained, however, by visual observation at hourly intervals. It was seen that, after 5 to 8 hr of incubation with the toxin, cytopathology had begun to take place and that the cytopathic effects progressed with time and led to eventual sloughing of some of the cells. However, when the toxincontaining medium was removed from cultures showing sloughing and was replaced by toxinfree medium, the progressive cytopathology was halted, and, after 48 hr monolayer repair, by growth of surrounding cells into sloughed areas, had occurred. This was repeated with the KB cell line and the same findings were obtained. However, the sloughing was found to occur much earlier (2 to 3 hr) than with the human intestine cell line.
It is, therefore, apparent that the interaction of staphylococcal enterotoxin B with sensitive cell cultures is reversible and that cytopathology is not the result of an irreversible interaction.
In the light of this finding, we decided to reinvestigate the fate of the cells which sloughed as a result of the toxin-cell interaction. It had been reported earlier (4) face in the absence of toxin. It now appears that these data were due to an artifact or technical error. Sloughed cells, in fact, do reattach and grow perfectly normally. In addition, they are fully sensitive to the cytotoxic effects of enterotoxin challenge as shown in Table 3 . Thus, it is proposed that the cytopathic effect of staphylococcal enterotoxin B is not lethal. (ii) The toxin-cell interaction is reversible at any stage of the challenge procedure by pouring off the toxin-containing medium and replacing it with toxin-free medium. (iii) Cytopathology is rarely seen in monolayers before 3 to 5 hr and in most cases is not evident before 8 hr. (iv) The effect of the toxin upon the cell appears to be nonlethal since cells which have sloughed in the presence of the toxin are stiU viable when washed free from toxin and are replanted. Furthermore, they are still susceptible to rechallenge with the toxin. In an earlier publication (3), the resistance to enterotoxin of recently trypsinized cultures was demonstrated. Therefore, in this laboratory, cell cultures are routinely grown for 2 to 3 days before challenge with toxin.
One other factor should be made clear at this point. Although human serum-supplemented medium for growing the cultures must be present for an optimal toxic response, batches of commercially purchased human serum vary in their growth-promoting properties. Any batch of serum which leads to cells which are granular appearing, that is, contain large amounts of cyto-VOL. 1, 1970 plasmic vacuoles, or which leads to cytopathology to any degree will interfere with the cytotoxic manifestations of enterotoxin B. Apparently, the toxin-cell interaction is so tenuous that any deviation from normal in the physiological state of the cell is sufficient to render it resistant to the toxin. We now prepare our own human serum and pretest each batch before experimental use. Even a batch of serum which tests out well will, upon refrigerator storage for periods greater than 1 month, deteriorate. Storage at -70 C appears to be adequate for long-term storage for periods greater than 2 to 3 months.
As a result of the potential for variability in testing procedures, a statement made in an earlier publication (4) , that this system is not recommended for an assay system, should be reiterated. However, it is thought that it is quite well suited to mode of action studies. 
